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Presentation Summary

 Overview of Study Approach
e Discussion of engineering tools
e Summary of findings and recommendations




Overview of Study Approach

e Timeframe for effort




Overview of Study Approach

Literature review and compilation
Analysis of four case examples
Development of decision model
Fundamentals of induced seismicity
Explore petroleum engineering methods




Overview of Study Approach

e Literature review and compilation




Overview of Study Approach

e Literature review and compilation
e Peer reviewed material only
e Comprehensive, but moving target




Overview of Study Approach

e Analysis of four case examples




Overview of Study Approach

* Analysis of four case examples
* Arkansas
 North Texas
e West Virginia
 Youngstown Ohio




Overview of Study Approach

* Analysis of four case examples
 Geologic site summary
e History of seismicity
e State actions
* Application of reservoir engineering methods
* Lessons learned




Overview of Study Approach

e Development of decision model




Overview of Study Approach

e Development of decision model
e Received much input throughout process
e Comprehensive thought process - not specific
e Founded on Director Discretionary Authority




Injection-Induced Seismicity Decision Model for UIC Directors”
(Based on the decision model discussion in Appendix B)

Existing Class Il O&G waste disposal well Y f New Class Il O&G waste disposal well

e Has seismicity increased (frequency or magnitude) in the Is there a history of successful disposal activity in the
area? area of the proposed well?

e Have operating or site conditions changed since the well Have there been area seismic events?
was last permitted that would influence seismicity? | @ Is the disposal zone in or near basement rock?

Have any concerns
' related to seismicity
No TR been identified?

Continue UIC regulatory

process

Yes l
Site assessment considerations for evaluating seismicity
{Based on three key components: stressed fault, pressure buildup from disposal, and pathway between the two)

What additional area geoscience information is warranted to assess the likelihood of Faults of Concern and seismic events?
Has the static pressure and potential pressure buildup from disposal operations been determined?

Are the reservoir pressure distribution pathways characterized?

Is consultation with external geoscience and engineering experts warranted?

What is the proximity of the disposal zone to basement rock (directly or through a pathway)?

Is other information needed?

\ sy Are there any seismicity concerns
|[— == remaining after evaluating site
No e assessment considerations?

Continue UIC
regulatory process

Approaches for addressing site
assessment considerations
e Monitoring
e Operational
\ @« Management

/ Conditions not
= — conducive to
No injection

Can an approach be used to
address seismicity concerns?

Continue UIC regulatory process with
supplemental conditions, as appropriate

* Decision model is founded on Director discretionary authority



Overview of Study Approach

e Fundamentals of induced seismicity




Overview of Study Approach

e Fundamentals of induced seismicity
e Broaden potential audience
 Provide a general reference
* |ncludes geoscience and engineering aspects
 Appendices of report




Overview of Study Approach

e Explore petroleum engineering methods




Overview of Study Approach

 Explore petroleum engineering methods
e Data obtained from suspected wells in case
examples were analyzed.
e Two fundamental approaches were used.
* Pressure transient testing (falloff)
e Operational data analysis.




Presentation Summary

e Discussion of engineering tools




Discussion of Engineering Tools

* A few points.
Quality of data is crucial.
These methods are an interpretive tool, not a fix-all.
PE tools can determine if fracture flow is
predominant.
Fractured reservoirs can transmit pressure buildup
over great distances.
PE tools can detect reservoir changes at distance,
including faults.
Correspondence between well behavior and
seismicity was apparent in some case example wells.




Discussion of Engineering Tools

e Two fundamental approaches
e Well testing
e Pressure transient or falloff testing can
determine if a reservoir is fractured, as well
as static formation pressure.
* Analysis of operational data
e Hall plots using operational data (rates and
pressures) indicate changes in transmissivity
(ease of injection) at distance.




Discussion of Engineering Tools

e Examples — falloff testing




Log-Log Plot of a Disposal Well
Exnibiting Radial Flow

24 hrs Inject, 12 hrs SI, Q=300 GPM
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Falloff Test Indicating Fractured
Injection Formation

2010 Falloff Log-Log Plot

Flat linear derivative
Indicating linear flow

\ Derivative decline
Indicating pressure support

AN
_— Half slope trend on pressure and derivative

representative of linear flow due to a fracture

0.01 01 1 10
Equivalent Time (hours) - Tp=18.5




Discussion of Engineering Tools

e Examples — Hall plots




Presentation Summary

e Summary of findings and recommendations




Summary of Findings and Recommendations

e Proactive approach is preferred
e Engage operators
e Additional site geologic data
e Voluntary actions
* |ncreased operational data
e Monitor seismicity trends in regional area
e Characterize injection reservoir (testing)
e Case examples — deep fractured reservoirs
e Fractures more likely to communicate
pressure buildup long distances
Buildup can be directional
Fractured reservoirs can result in
communication with basement rocks, lower




Summary of Findings and Recommendations

Assure high quality operational data
Permitting contingencies (green, yellow, red lights)
are an excellent tool to address site uncertainties

Increased seismometers better define seismic
activity.

e Engage operators
e Additional site geologic data
e Voluntary actions
* |ncreased operational data
e Monitor seismicity trends in regional area




Final Words

* EPA Region 6 is preparing a seismicity training
module for injection well regulators.




Overview of Study Approach

Literature review and compilation
* Peer reviewed material only
e Comprehensive, but moving target
Analysis of four case examples
 Geologic site summary
History of seismicity
State actions
Application of reservoir engineering methods
e Lessons learned
Development of decision model
e Thought process - not specific
e Example of ODEQ support —
e sjte assessment may never be sufficient
Explore petroleum engineering methods
Quality of data is crucial
The importance of Fractured reservoirs can transmit pressure b
PE tools can determine if fracture flow is predominant
PE tools can “see” reservoir changes at distance including faults
Correspondence between well behavior




Lessons Learned From Case Examples

 Engage operators of suspected wells early
* Analyze existing operational data
e Provides insight into the behavior of the
disposal zone (fracture flow or radial flow)
e Hall plots can show reservoir
changes/features away from well
(increased ease or difficulty of fluid flow).




Seismicity in Areas of Oil and Gas
Activities

Philip Dellinger
Chief, Ground Water/Underground Injection
Control Section
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Disclaimer

These slides and the information contained in
them have been prepared by EPA staff for
iInformational purposes only. They should not be
relied on for regulatory compliance purposes and
do not necessarily reflect EPA’s official policy
and/or legal positions. To the extent any
iInformation in these slides is inconsistent with the
statutes and regulations identified herein, the
statutes and regulations control.




Presentation Summary

Background on underground injection
Relevant seismicity fundamentals

Selected recent cases of seismic activity
¢ Arkansas

o North Texas
¢ Youngstown, Ohio

Tools for minimizing seismicity




Texas: Cleburne Area
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Youngstown, Ohio

March 2011 — First of a series of low magnitude
events.

Events continued through 2011, culminating in a
M4.3 event on December 31.

A nearby disposal well was shut in immediately
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FIGURE G-2: YOUNGSTOWN AREA TIMELINE OF EVENTS

Youngstown, Ohio Seismicity
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FIGURE G-3: YOUNGSTOWN AREA SEISMICITY MAP
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FIGURE G-7: NORTH STAR NO. 1 SWD OPERATIONAL DATA
OVERVIEW PLOT

Northstar #1 Operational Data Overview Plot
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FIGURE G-9: NORTH STAR NO. 1 SWD HALL INTEGRALAND C

Hall Integral Plot with Derivative
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FIGURE G-10: NORTH STAR NO. 1 SWD SILIN SLOPE PLOT

Silin Slope Plot
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FIGURE G-11: NORTH STAR NO. 1 SWD TANDEM PLOT

Hall Integral and Cumulative Earthquake Event Plot
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FIGURE G-12: NORTH STAR NO. 1 SWD JUNE 4, 2010 STEP RAT
Step Rate Test Conducted 6-4-10

0
a
o
T
)
o
]
2
um
=}
=
T
)

Max Surface Pressure, PSI

3
Injection Rate, BPM

Calculated BHP Surface Pressure




Tools Used to Minimize Seismicity




Possible Tools From Case Examples
and Literature

¢ Reduced injection rates (Braxton Co., WV)

¢ Engage well operators

¢ Engage external expertise

¢ Increased reporting of key injection parameters
+ Moratoriums in areas believed to be high risk
¢ Increased number of seismometers deployed
¢ Reservoir analyses

o Establish action levels
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